To analyze outcomes after liver transplantation (LT) in patients with fulminant hepatic failure (FHF) with emphasis on pretransplant variables that can potentially help predict posttransplant outcome.
Objective
To analyze outcomes after liver transplantation (LT) in patients with fulminant hepatic failure (FHF) with emphasis on pretransplant variables that can potentially help predict posttransplant outcome.
Summary Background Data
FHF is a formidable clinical problem associated with a high mortality rate. While LT is the treatment of choice for irreversible FHF, few investigations have examined pretransplant variables that can potentially predict outcome after LT.
Methods
A retrospective review was undertaken of all patients undergoing LT for FHF at a single transplant center. The median follow-up was 41 months. Thirty-five variables were analyzed by univariate and multivariate analysis to determine their impact on patient and graft survival.
Results
Two hundred four patients (60% female, median age 20.2 years) required urgent LT for FHF. Before LT, the majority of patients were comatose (76%), on hemodialysis (16%), and ICU-bound. The 1-and 5-year survival rates were 73% and 67% (patient) and 63% and 57% (graft). The primary cause of patient death was sepsis, and the primary cause of graft failure was primary graft nonfunction. Univariate analysis of pre-LT variables revealed that 19 variables predicted survival. From these results, multivariate analysis determined that the serum creatinine was the single most important prognosticator of patient survival.
Conclusions
This study, representing one of the largest published series on LT for FHF, demonstrates a long-term survival of nearly 70% and develops a clinically applicable and readily measurable set of pretransplant factors that determine posttransplant outcome.
Fulminant hepatic failure (FHF), also referred to as hyperacute, acute, or subacute liver failure, is a life-threatening condition that occurs in approximately 2,000 individuals each year in the United States. 1 While the etiologies of FHF are multiple and varied, the prognosis is dependent on several factors, including the underlying cause of liver failure. For instance, it is well known that the spontaneous recovery rates from FHF from such etiologies as hepatitis A 1 and acetaminophen toxicity 2 are high, whereas those same rates for other types of viral hepatitis and idiosyncratic drug reactions are quite low. 3 Advances in intensive care and medical management as well as the development of artificial liver support systems 4, 5 have no doubt led to some modest improvements in outcomes. Unfortunately, without liver transplantation (LT), the overall prognosis for patients with FHF is quite poor, with survival rates usually reported between 10% and 30%. 6 The most common cause of death from FHF is either cerebral edema or sepsis. 7 LT has not only revolutionized but remains the gold standard for the treatment of irreversible FHF. There are several series reported from transplant centers in North America 8 -15 and Europe 16 -23 in support of this statement. However, outcomes are limited by the timely availability of suitable donor organs, despite the fact that these patients are afforded the highest priority in organ allocation systems. 24, 25 Still, overall survival rates reported after LT for irreversible FHF are superior to those reported with any form of medical management, demonstrating a 40% to 75% long-term survival.
Without a doubt, predicting whether the patient with FHF will require a life-saving transplant or will recover with medical management alone is difficult. Many studies have attempted to identify prognostic indicators in patients with FHF that will support this clinical decision. The two most widely applied predictive criteria are those from Kings College Hospital in London 3 and Hopital Beaujon in Clichy, France. 26, 27 The utility of these criteria has been validated by other investigators, 28 -30 thus supporting the use of these prognostic indices as an adjunct in the clinical decision as to the potential for spontaneous recovery with medical management versus the need for LT in patients with FHF.
In contrast, few investigations have examined predictive factors for patients who have irreversible FHF awaiting LT. The King's College group 21 reviewed 100 transplant recipients and determined that the serum creatinine and APACHE score was the most important prognosticator. Bismuth et al., 22 after reviewing 116 transplant recipients, reported that the grade of coma and the use of high-risk donor liver grafts predicted outcome. Our group, 14 in a review of 57 pediatric transplants for FHF, determined that age and ventilator dependence were predictive factors for outcome. Study size was a potential limiting factor in the statistical analysis for each of these investigations. Therefore, the aim of this investigation was to analyze 35 pretransplant variables in a large group of patients who had undergone LT for irreversible ALF in an effort to determine prognostic indices in this patient population.
METHODS
A retrospective analysis was undertaken of all patients undergoing LT at the Dumont-UCLA Transplant Center from the initiation of the program on Feb. 1, 1984 1, , until Dec. 31, 2001 . Patients were identified from a transplant database that encompasses all such patients. Diagnoses were cross-referenced through the anatomic pathology database maintained in the Department of Pathology at the David Geffen School of Medicine at UCLA using the keyword searches "submassive necrosis," "massive necrosis," "acute liver failure," and "fulminant liver failure." Only those patients meeting the following criteria for acute liver failure were included in the investigation: 1) absence of a clinical history of liver disease, 2) absence of physical findings consistent with chronic liver disease, 3) explant pathology demonstrating predominantly necrosis in the absent of cirrhosis. Our early experience with this group of patient has been reported previously. 14, 31, 32 Data collection was then undertaken using several available medical records sources, including UCLA hospital medical records, UCLA transplant services database, Dumont-UCLA transplant center records and database, and the United Network for Organ Sharing (UNOS) database. The primary endpoints used in this investigation were patient and graft survival. The 35 pretransplant predictive factors are shown in Table 1 , divided into pretransplant recipient variables, pretransplant recipient laboratory variables, donor variables, and operative variables. As most variables are The era of transplant was delineated by dividing the entire experience into three equal blocks of 6 years (1984 -1989, 1990 -1995, 1996 -2001) . For age group, 18 years was used as the cutoff between adults and children. Age was used as both a continuous variable based on the median and as a block variable (Ͻ1 year old, 1-6 years old, Ͼ6 -18 years old, Ͼ18 -50 years old, or Ͼ50 years old) in an effort to identify at-risk groups by age. The nomenclature for the type of FHF has been controversial. [33] [34] [35] [36] For the purpose of this manuscript, FHF was used as a generic term to encompass all patients meeting the inclusion criteria. Forty-two days from the onset of jaundice to encephalopathy serves as the division between those patients classified as having acute liver failure (ALF) and those classified as having subacute liver failure (SALF). From those patients with ALF, a separate group was delineated due to the rapid onset of liver failure within 7 days of jaundice (hyperacute liver failure [HALF]). The etiology of liver failure was stratified into acetaminophen, other drugs, hepatitis A, other viruses, toxins, metabolic, and other, including mostly cryptogenic causes. The time from list to LT was the time from listing the patient with UNOS to transplantation. The coma grade was grouped into no coma at the time of LT (grade 0) versus grades 1 plus 2, or grades 3 plus 4. 37 The donor variable "ABO blood group match" was stratified into identical, compatible, or incompatible, as was the donor graft type (cadaveric whole grafts, living related segmental grafts, ex vivo reduced segmental grafts, and in situ split segmental grafts). The operative variables examined were total operative (OR) time, defined from abdominal skin incision to closure, total ischemia time, defined from donor crossclamp to recipient portal reperfusion, warm ischemia time, defined from removal of the donor liver from ice storage to portal reperfusion, the use of venovenous bypass (VVBP) during the anhepatic phase, and intraoperative blood loss (EBL), as estimated by the volume of blood transfused during the transplant.
Patient confidentiality was maintained by removing all patient-specific identifiers. Institutional review board approval was obtained. Patient follow-up was concluded on July 1, 2002, or at patient death, thereby ensuring a minimum 6-month follow-up of all survivors. The median patient follow-up time was 41.1 months (range 0 -191.1 months).
Statistical analysis was undertaken using patient and graft survival as endpoints. Survival was calculated using the method of Kaplan-Meier. The log-rank test was used to compute the impact of each of the 35 pretransplant variables delineated above on patient and graft survival, ignoring the other 34 factors. The results are reported as event (patient death or graft lost) per 1,000 patient or graft months of follow-up. P Ͻ .05 was considered significant, although P values ϭ .05 to 1 were considered for further analysis. Based on the univariate analyses previously reported and a clinical knowledge of what factors are useful preoperatively, 11 potential predictors were chosen for multivariate consideration: age (Ͻ1 year, 1-6 years, actual age if Ͼ6 years), time from jaundice to encephalopathy, race/ethnicity, intubation, hemodialysis, coma grade (3-4 vs. 1-2), donor age, conjugated bilirubin, INR, ALT, and creatinine. The models are based on finding subsets of these 11 factors that simultaneously predict the outcome (death or graft failure). Factors were not retained in a model if they were not simultaneously significant after accounting for factors already in the model. Of the 204 persons, data were complete on all 11 factors above in 178. The other 26 had missing data on at least one of the 11 factors.
These 11 factors were simultaneously assessed using tree structured survival analysis (TSSA) methods, which do not assume that the factors are additive. 38 Once a subset of the 11 predictive factors was identified by TSSA and the data were partitioned into risk groups (nodes), relative risk was computed empirically and also under a proportional hazard (Cox) model. The TSSA model uses the method of recursive binary partitioning to choose a set of variables that can define and identify high-, medium-, and/or low-risk subsets of subjects. The TSSA method looks at all values of all 11 candidate variables and then chooses a critical value C, the best value of the best variable, such that the survival is as significantly different as possible between those whose val-ues are lower than C compared to those whose values are greater than or equal to C, splitting the subjects into two non-overlapping risk groups or tree "nodes." The log-rank test is used to determine if splitting using the value C results in statistically significant differences. For a given variable, all possible values of C are tried and the best one is selected. The subjects are thus partitioned into a finite set of mutually exclusive groups (terminal nodes) where the risk of mortality (or graft failure) is as different as possible between the groups and is similar within a group.
RESULTS
Of the 3,205 LTs undertaken during the study interval, 204 (6.4%) patients underwent LT for FHF. Figure 1 demonstrates the number of transplants performed per year for FHF, with the highest number performed in 2000 (n ϭ 21) and the lowest in 1984 (n ϭ 0). The number of patients transplanted per era was 38 in 1984 to 1989, 82 in 1990 to 1995, and 84 in 1996 to 2001. Median age was 20.2 years (range 0.2-72.1 years), 55% of patients were adults, 60% were women, and the predominant racial groups were white (40%), Latino/Hispanic (43%), African American (9%), Asian (8%), and other (Ͻ1%). The majority of patients had either ALF (48%) or HALF (45%), with a smaller number classified as SALF (7%). The median time from onset of jaundice to encephalopathy was 9 days (range 0 -109 days), median time from onset of jaundice to LT was 15 days (range 0 -152 days), and median time from onset of encephalopathy to LT was 4 days (range 0 -72 days). Median time from listing to LT was 2 days (range 0 -88 days). By far the majority of patients were the equivalent of status 1 using current UNOS listing criteria. 39 The etiologies of FHF are shown in Figure 2 , with the majority of patients classified as "other" consisting mostly of cryptogenic FHF. The pretransplant clinical condition of the patients is shown in Table 2 .
Twelve pretransplant laboratory values were assessed. The median (range) of the serum total bilirubin was 24.05 mg/dL (2.4 -60.7 mg/dL), conjugated bilirubin 11.9 mg/dL Donor-recipient ABO blood group matching was identical in 61%, compatible in 22%, incompatible in 13%, and unknown for 4%. The majority (80%) of liver grafts were procured as whole organs. Living donors of left lateral segments and ex vivo reduced cadaveric grafts accounted for 5% each of total grafts used. The remaining grafts were procured using the cadaveric in situ split liver technique previously described. 40 Five intraoperative variables were examined (Table 3) .
Overall patient survival is shown in Figure 3 . Survival at 1, 3, and 5 years after LT was 72.5% Ϯ 3.1%, 69.8% Ϯ 3.2%, and 66.9% Ϯ 3.4%, respectively. There were 72 deaths; the predominant cause of death was sepsis and multisystem organ failure ( Fig. 4 ). Interestingly, 22% (n ϭ 16) of the deaths were due to neurologic complications, of which 13 occurred within 1 month of the transplant and resulted directly from FHF. There were nine (14%) deaths caused by cardiac failure, eight of which occurred within 1 month of transplantation. There were three intraoperative deaths included as cardiac deaths for an overall intraoperative mortality of 1.5%.
The overall graft survival is shown in Figure 5 . Survival at 1, 3, and 5 years after LT was 63.2% Ϯ 3.4%, 58.0% Ϯ 3.5%, and 56.6% Ϯ 3.6%, respectively. There were 95 grafts lost after LT, with the predominant cause of loss being patient death (that is, the recipient died with a functioning allograft) ( Fig. 6 ). Twenty-seven grafts were lost to primary nonfunction, representing 29% of all grafts lost or 13.2% of the total number of grafts transplanted. The overall rate of hepatic artery thrombosis was 4.4% of all transplants or 9% of all grafts lost. Table 4 shows the variables that had a significant impact on patient survival. The variables intubation, conjugated bilirubin, and INR were found to have some influence on patient survival (P Ͼ .05 and P Ͻ 0.1). The following variables were found in this analysis not to be predictors of patient survival: era, gender, etiology of FHF, time from encephalopathy to LT, total bilirubin, prothrombin time, AST, ammonia, carbon dioxide, fibrinogen, glucose, donor age, ABO blood group match, donor graft type, total ischemia time, and warm ischemia time.
Univariate Analysis
For graft survival, the variables that were found to have a significant (P Ͻ .05) impact on outcome are shown in Table 5 . The variables ethnicity/race, time from jaundice to encephalopathy, ICP monitor, VVBP, and donor age were found to have some influence on graft survival (P Ͼ .05 and P Ͻ 0.1). The following variables were found in this analysis not to be independent predictors of graft survival: era, age group, recipient age, gender, type of FHF, etiology of FHF, time encephalopathy to LT, time list to LT, intubation, coma grade, total bilirubin, prothrombin time, INR, AST, ALT, LDH, ammonia, carbon dioxide, fibrinogen, glucose, ABO blood group match, graft type, operative time, total ischemia time, and warm ischemia time.
Multivariate Analysis
Variables were chosen based on univariate statistical strength as well as potential clinical impact. Only one of several overlapping or potentially redundant variables such as age group and recipient age was considered for the analysis. Furthermore, any variable that could not be predicted pretransplant was avoided, such as EBL, operative Transplantation for Fulminant Hepatic Failure time, warm ischemia time, and total ischemia time. As shown in Figure 7 , the multivariate analysis revealed creatinine as the strongest predictor of post-LT patient mortality and identified the critical value as 1.45 mg/dL. The time from jaundice to encephalopathy, with a critical value of 3.5 days, and INR, with a critical value of 2.48, were also predictors of outcome. A strongly significant survival difference was seen in the mathematical model when patients were separated into the nodes based on the critical values of these three factors. Notably, although the other eight factors did not change the significance of the mathematical model beyond that of these three, these factors are not insignificant. As seen in Figure 8 , multivariate analysis revealed the conjugated bilirubin as the strongest predictor of post-LT graft failure, with the critical value 5.65 mg/dL. The serum creatinine, with a critical value as above, and the donor age, with a critical value of 23.05 years, were also important predictors. Again, the predictive ability of these three factors was strongest for graft survival, and adding the other eight values to the model did not improve the predictability.
DISCUSSION
To our knowledge, this study represents the largest single-center series of patients undergoing LT for irreversible FHF. Furthermore, it represents one of the most comprehensive investigations to date examining the impact of pretransplant factors on patient and graft survival after LT for FHF. The objective of this investigation was not to identify predictive variables to aid in the identification of patients with irreversible FHF as compared to those with a strong likelihood of spontaneous recovery with medical management. Instead, we sought to examine the factors that predict poor outcome in patients already deemed to have irreversible FHF and awaiting LT. The results of this analysis may serve to aid the clinician in assessing the prognosis for patients with irreversible FHF undergoing LT.
The survival outcomes reported herein reinforce the impact that LT has had on the treatment of this acute variant of liver disease. Five-year patient and graft survivals of 66.9% and 56.6% support the life-saving potential of LT, as has been reported in the literature. 10, 13, 21, 22, 24, 41 These results are even more dramatic when considering that the majority of these patients were extremely ill, with multiorgan involvement. Most of the deaths in this series were due to sepsis/multisystem organ failure, as has been reported by other investigators. 21, 22 There was notably a high incidence of neurologic deaths after LT in this series. Although one group did not report any neurologic deaths after LT for FHF in a very selected group of 35 patients, 13 most others 21, 22 have also noted a significant incidence of neurologic deaths, ranging from 4% to 11%. These findings reflect the difficulty that exists in predicting neurologic outcomes after LT. Our management strategy for neurologic protection is similar to those commonly reported in the literature. 1, 42 Although ICP monitoring was applied in only 20% of the patients in this series, it has been universally considered in all patients with grade 3 or 4 coma since 1990. However, based on our analysis presented herein, the routine placement of ICP monitors in every patient with grade 3 or 4 coma does not appear to be supported. Between 1984 to 1989 there was essentially no ICP monitoring and there were four (10.5%) early neurologic deaths. From 1990 to 1995, 14 patients had ICP monitors placed and there were four (4.9%) early neurologic deaths, including 1 patient with an ICP monitor. In contrast, in our most recent experience after 1995, ICP monitors were placed in 26 patients, and there were five (6.1%) early neurologic deaths; 4 of these 5 patients had ICP monitors in place. These results demonstrate that ICP monitoring is being used more frequently and that high-risk patients are also being targeted more accurately. Furthermore, despite monitoring and treatment, neurologic death could not be prevented in some patients. These data have prompted a more detailed analysis of the neurologic evaluation, monitoring, and outcomes in this patient population. The rate of primary nonfunction of the transplanted liver in this population was significant. Other reports on LT for patients with FHF noted incidences of primary nonfunction between 0% and 16%. 13, 21, 22, 41 These rates are notably higher than those reported after LT for other indications (6 -11%). 12, 17, 43 The well-known contributions of both donor and recipient factors are no doubt applicable here. First, with the highly urgent nature of the recipient's liver failure, the first available organ was used in many instances. Second, the advanced, and many times extreme, nature of the recipient's organ failure can negatively affect the early function of the transplanted allograft. This observation is supported in this series, where 19 of 27 (70.4%) patients with primary nonfunction died a median of 1.1 months after LT. The interplay between these two variables-acutely ill recipient with multisystem organ failure and marginal donor quality-cannot be overemphasized. While this investigation did not focus on donor quality and outcome, several donor factors were examined. Donor age did appear in the univariate analysis to have a modest effect on graft survival. In contrast to Bismuth et al.'s work, 22 the graft type (whole, split segment, reduced segment, living donor segment) in this study did not significantly affect patient or graft sur-vival, although close scrutiny of the data reveals that recipients of in situ split liver grafts had 24.7 graft failures per 1,000 graft months, whereas recipients of whole, living donor, or ex vivo split grafts had 6.3 to 11.9 graft failures per 1,000 patient months (P ϭ .58). Our data also did not show a statistically significant negative impact on outcome with ABO matching, as reported by other groups. 22, 44 However, a clinical difference was observed, with ABO-incompatible grafts developing 14.6 graft failures per 1,000 graft months as compared to 9.4 to 12.6 graft failures per 1,000 patient months for identical and compatible grafts, respectively. Again, as a result of these data, we are initiating an investigation into donor quality as it relates to outcome in this patient population.
The univariate analysis performed in this investigation confirms the well-recognized tenet that the sickest patients fare the worst after LT for FHF. This observation is supported by the significantly poorer outcome seen in those patients with HALF, shorter times between the onset of jaundice and encephalopathy, shorter times between the onset of jaundice and LT, intubation, hemodialysis, deeper coma, and higher creatinine. We consider several of the univariate pretransplant variables biased and therefore must caution against over-interpretation. For example, the patients with shorter times from listing with UNOS to LT fared worse than those with longer times. This variable is biased toward the most severely ill patients in that these patients were more likely to receive a marginal donor in an effort to achieve liver replacement quickly. The variable ICP monitor is also somewhat biased by our selective monitoring practice, described above. The variable VVPB also contains bias as we do not routinely place children on VVBP and transplant the better adult candidates off bypass. Due to these inherent trends in these data points, we obviously did not choose to include these in the multivariate analysis.
Several univariate variables resulted in findings that are worthy of further elaboration. The age bias holds true in this investigation at the univariate level. Regardless of how it was analyzed, median, adult versus child, or age groups of less than 1, 1 to 6, 6 to 18, 18 to 50 and more than 50, age demonstrated an impact on outcome. In general, the older the recipient, the worse the outcome. The exception is the other extreme of age, the less-than-1-year-old child, where the outcomes were also inferior. This observation has been reported by others. 45 The observation that the recipient racial/ethnic background has an impact on outcome was also intriguing. In our series, being Hispanic/Latino was actually protective, as these patients had mortality rates approximately half those of whites and Asians. In contrast, African Americans demonstrated mortality rates 3.8 times higher than Hispanic/Latinos and 1.5 times higher than whites and Asians. The reasons behind these findings are unknown. The UNOS data reported in the SRTR confirms our findings that racial background does affect outcome. 39 The goal of the multivariate analysis was to develop a Vol. 237 • No. 5
Transplantation for Fulminant Hepatic Failure clinically applicable, easily measurable set of variables that could serve as an adjunct in the clinical decision to proceed with transplantation of a patient with irreversible FHF. The serum creatinine with a critical value of 1.45 mg/dL was the single most discriminating pretransplant variable predicting posttransplant outcome. When combined with a variable indicating the rate of onset of FHF (i.e., time from jaundice to encephalopathy), creatinine reliably discriminated between patients with a high probability of survival (Ͼ80%) versus those with a low probability of survival (50%). Likewise, pretransplant creatinine was a significant predictor of graft survival after LT. However, in the multivariate analysis of factors predicting graft survival, the conjugated bilirubin with a critical value of 5.65 was the most discriminating variable. We interpret these data to indicate that patient factors are playing a significant role in graft outcomes; that is, the conjugated bilirubin is interpreted to reflect the severity of the pretransplant FHF, as is the creatinine. Creatinine has been shown in other patient analyses to predict outcomes after LT for a variety of other indications. 46 -48 Only two other similar studies with a large number of patients that have analyzed pretransplant variables are currently published. Devlin et al. 21 analyzed 100 adult patients undergoing LT for FHF. A battery of pretransplant factors was analyzed with the endpoint of 2-month mortality. For patients with non-acetaminophen-induced FHF, the univariate analysis revealed that the cause of FHF, admission serum creatinine, serum creatinine before LT, organ system failure score, and APACHE score were significant predictors. In the multivariate analysis, creatinine was the only significant predictor of outcome. Our data reinforce these findings and expand the results with a more statistically powerful investigation. For patients with acetaminopheninduced FHF, the time from ingestion to LT, the total bilirubin at LT, and the APACHE score were significant variables in the univariate analysis, whereas the APACHE score was the only significant prognosticator in the multivariate analysis. On the other hand, Bismuth et al. 22 analyzed 116 patients with FHF from a variety of causes. Multivariate analysis revealed that patient survival was independently predicted by the use of segmental donor grafts, steatotic donor grafts, and grade 3 coma on admission, whereas graft survival was independently predicted by the use of segmental donor grafts, ABO-incompatible grafts, and grade 3 coma on admission. Although our data did not support such a profound impact of donor variables, a more detailed analysis of graft quality in our series is warranted.
In conclusion, this investigation represents the largest single-center experience with LT for FHF. The overall experience reinforces the therapeutic effectiveness of LT for the treatment of irreversible FHF. Although FHF represents less than 10% of the indications for LT, long-term survival near 70% can be achieved in this severely ill group of patients. Sepsis and neurologic complications continue to account for the majority of deaths. One of the major aims of this study was to delineate pretransplant predictors of outcomes for patients awaiting LT with FHF. Nineteen variables were identified that, when analyzed to the exclusion of others, had an impact on both patient and graft survival. The majority of these variables were either direct or indirect indices for severity of patient illness. The pretransplant serum creatinine proved to be the single most powerful predictor of patient survival, and a mathematical model based on serum creatinine, time from onset of jaundice to encephalopathy, and INR was constructed that accurately predicts patient outcome after LT for irreversible FHF. Before widespread application of this model, validation using an independent data set is recommended. The results herein should serve as a useful clinical adjunct to predict patient outcome risk before transplantation. your series was approximately 2 days. The most current UNOS national data suggest a median time from listing to transplantation in other geographic regions of the United States of 5 to 7 days for these same patients. So my final question is, would you interpret your data as supporting broader organ-sharing arrangements than currently exist for these types of patients?
DR. J. MICHAEL HENDERSON (Cleveland, OH): Very nice paper and a great contribution. You focused in on serum creatinine as the most important marker, so I have a couple of questions related to that. Is the creatinine value the level going into the operating room or at the time of listing? How did you handle patients on dialysis for this analysis? Was there a chance DR. STEVEN M. STEINBERG (Columbus, OH): I am not a transplant surgeon; therefore, my question is probably going to be very naive. But it also deals with the creatinine. Were you able to distinguish any difference in outcome in those patients that have an elevated creatinine on the basis of acute tubular necrosis versus hepatorenal syndrome? DR. RONALD W. BUSUTTIL (Los Angeles, CA): There is no doubt that transplanting a patient with fulminant hepatic failure is one of the most challenging endeavors that a transplant surgeon can undertake. These patients not only need a perfect operation, but they need even more perfect pre-and postoperative management to get them through it. Some of the questions have delved deeply in how we manage these patients.
Dr. Klein has inquired about ICP monitoring. We have experienced an evolution in the use of ICP monitoring for the years in our program. When we first started, we did not monitor patients at all. After 1980 or so, we placed ICP monitors in all patients because of an experience reported in the literature. In the last several years we have reached the conclusion that perhaps it is better to be selective in using ICP monitors because of the inherent hazards in these devices. We favor the extradural Camino catheter at our center. We have found that if we use the ICP monitor for only those patients that are in grade 3 or grade 4 coma, that we can probably help our anesthesiologists manage the patients during the procedure and avoid the large swings of intracranial pressure which precipitate herniation.
Regarding the use of ICP monitors to determine a patient's candidacy, we use a cerebral perfusion pressure of less than 50 mmHg for greater than 2 hours as a cutoff. Unfortunately, we do not have an analysis for determining whether ICP monitoring can predict those patients which have not herniated but still have devastating neurological complications.
Venovenous bypass has also undergone somewhat of an evolution in our program. As you know from the early days when you were at UCLA, Dr. Klein, we would virtually always use venovenous bypass for adults. And we still use it in patients who we feel that excessive fluid loading during the anhepatic phase will be problematic. However, more frequently in wellselected patients in which the operation can done expeditiously, we will forgo venovenous bypass.
In regards to the short (2-day) period between listing and transplantation, that has increased in our most recent experience. I think the reason that we were able to usually get these patients transplanted in such an expeditious manner is that we use marginal donors liberally. We may be paying the penalty for that, and we are currently analyzing our data comparing the marginal versus non-marginal graft for fulminant failure. I do advocate broader sharing in these cases. However, one has to also be cognizant of the fact of acute liver failure that the marginal liver is not going to travel as well as the non-marginal one.
There is no question that creatinine in this study was the most robust factor predicting survival, as it has been for all types of end-stage liver disease. The issue which you bring up is whether the preoperative creatinine is affected by dialysis, and even for that matter by the fact that we had pediatric patients that we transplanted who will normally have a lower creatinine. This is an extremely important point. However, I think what we need to do, and which we are doing, is to separate out those patients that had dialysis, and only analyze the adult population. Using this more selective chart, I would predict that the serum creatinine threshold will be higher than the 1.45. Notwithstanding that, I think that it clearly will still be the most important parameter.
Dr. Steinberg was asking about differentiating hepatorenal versus acute tubular necrosis in these patients. The overwhelming majority of the patients had hepatorenal syndrome with recovery within a week or so after transplant. In those with ATN, recovery was usually delayed.
I would like to thank the Association for the privilege of the floor.
